Abstract: The European pond turtle, Emys orbicularis, inhabits a wide distribution area in the western Palaearctic. Polish populations of pond turtle represent the nominotypical subspecies Emys orbicularis orbicularis. The mitochondrial DNA haplotype (cytb gene) variation among 131 turtles from 26 locations in five regions of Poland was investigated. Five haplotypes belonging to three distinct lineages were identified. Two clades (I and II) were represented by two haplotypes each, while the other clade (IV) was represented by one haplotype. Three haplotypes were reported for the first time in E. orbicularis. The eastern part of Poland is inhabited exclusively by turtles bearing haplotype Ia. The remaining four sequence variants were recorded in western Poland where only the IIb haplotype is considered endemic. The distribution of the other haplotypes in western Poland could thus reflect past introductions or accidental releases. The authors regarded the two locations (Drzeczkowo and Karpicko) that were first included in the western Poland populations as autochthonous catchment areas of haplotype Ia.
Introduction
The European pond turtle Emys orbicularis (L., 1758) belongs to the family of Emydidae and is distributed from North Africa to southern, central, and eastern Europe and the Aral Sea. Despite its wide Holocene distribution, native pond turtle populations are now either extinct or critically endangered in many European regions including Britain, Denmark, Sweden, the Czech Republic, and Estonia (Fritz 2003; Cordero Rivera & Ayres Fernández 2004; Sommer et al. 2007; Fritz et al. 2009 ). At present, the European pond turtle is protected in all European countries, most of which have classified it as an endangered species threatened with extinction.
Unlike in other central European countries, European pond turtles are still relatively common in Poland. As in neighboring countries, they are the nominotypical subspecies E. o. orbicularais. Comparative studies on population size in different regions of Poland and the systematic inventory of turtle habitats have been ongoing since 1995 when the "Program for the Protection of the European Pond Turtle in Poland" was established by the Polish Ministry of the Environment. In the majority of places populations are dispersed, and only single individuals or dead specimens have been described (Jab loński 2001) . However, in four regions of Poland: Polesie (eastern Poland), the Radom district (central Poland), Mazury (northeastern Poland), and the Wielkopolska Lowland, the Lubuskie district, and the Leszczyńskie Lake district (western Poland) more numerous populations still exist (Mitrus & Zemanek 2000; Najbar & Maciantowicz 2001; Mitrus 2006) .
The distribution of turtles in Poland is quite well documented, but little is known about their genetic variability. The existence of two distinct lineages that differ genetically has been described in earlier studies, although this was based on a very limited number of samples and sampling locations (Lenk et al. 1999; Sommer et al. 2009 ). The scale of the invasion of al- (Najbar 2001a; Hidalgo-Vila et al. 2009 ), the risk of hybridization (Fong & Chen 2010) , and outbreeding depression (Templeton 1986 ). The objective of this study was to determine the diversity and distribution of mtDNA haplotypes in Polish populations of the European pond turtle, and to identify allochthonuos lineages in the populations analyzed.
Material and methods

Sample collection
Buccal swabs of 131 E. orbicularis were collected from five regions covering the most of the species range in Poland: eastern Poland (Polesie -EP) -31; northeastern Poland (Mazury -NEP) -25; western Poland (Lubuskie district, Leszczyńskie Lake district -WP) -31; central Poland (Radom district -CP) -43; one sample from southeastern Poland (Sierakośce -SEP) ( Table 1 ). Sampling methods are described in Poschadel & Möller (2004) .
DNA extraction, PCR and sequencing
Total genomic DNA was extracted using a NucleoSpin XS DNA Purification Kit according to the manufacturer's protocol (Marchery Nagel, Germany). PCR amplification was conducted in a 50 µl reaction volume containing a 50-100 ng DNA template, 0.5 unit of AmpliTaq Gold polymerase, 1× polymerase buffer, 0.2 mM of each dNTP and 0.5 µM of each primer. The primers used were L14358 (5'-TGATCTTGAARAACCAYCGTTG-3') (Palumbi et al. 1991) and H15045 (5'-CCTGTTGGGTT GTTTGATCC-3') (Shaffer lab, Spinks et al. 2004 ) for the first part of the cytb gene and cytb2L 14987 (5'-TGATCTTGAARAACCAYCGTTG-3' -this study) and cytb2H 15594 (5'-TCATCTTCGGTTTACAAGACCA-3' -this study) for the second part of the cytb gene so that overlapping regions were obtained. All primer positions are given according to the complete mitochondrial genome sequence of the painted turtle, Chrysemys picta Schneider, 1783 (Mindell et al. 1999) . PCR conditions for both pairs of primers were 10 min at 95 The PCR products were purified using Microcon 100 micro concentrators (Amicon, USA) and sequenced for both strands using the BigDye Terminator v 1.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, USA) according to the user's manual in a GenAmp PCR System 9600 Thermal Cycler (Applied Biosystems, Foster City, USA). The BigDye XTerminator Purification Kit (Applied Biosystems, Foster City, USA) or DyeEx 2.0 Spin Kit (Qiagen, Valencia, CA) were used to purify the DNA from sequencing reactions. The sequencing products were electrophoretically separated on an 3130 DNA Analyzer (Applied Biosystems, Foster City, USA). The sequences obtained were of the entire cytb gene (1140 bp).
Sequence analysis
The sequences were aligned using ClustalW attached to the MEGA4 package (Tamura et al. 2007 ) and variable sites were checked manually on chromatograms. Cytochrome b sequences were converted into amino acid sequences in MEGA4 (Tamura et al. 2007 ). The phylogenetic network was constructed with Network v. 4.5.1.6 applying the median joining algorithm (Bandelt et al. 1999 ). E. orbicularis and E. trinacris cytb gene haplotypes published previously by Lenk et al. (1999) , Fritz et al. (2007 Fritz et al. ( , 2009 and VeloAntón et al. (2011) were used in the analysis.
The sequences determined in this study were deposited in GenBank under accession numbers HQ681916 -HQ681920.
Results and discussion
A total of 1140 base pairs of the mitochondrial cytb gene were obtained for 131 turtle individuals from five regions of Poland. The number of variable positions in the analyzed gene was 23, of which 22 positions were informative. Of the polymorphic sites, six substitutions led to amino acid change. A total of five haplotypes were identified (Table 2 ). The phylogenetic network of the E. orbicularis and E. trinacris cytb gene haplotypes was reconstructed in aim to locate the sequence variants identified in this study in the global network of the European pond turtle (Fig. 1) . The sequence variants Table. 2. Variable positions in haplotypes of the cytb gene in Emys orbicularis identified in this study. Position refers to the 5' location relative to the complete mitochondrial genome sequence of Chrysemys picta (Mindell et al. 1999 ). Haplotype  14448  14473  14599  14674  14752  14842  14857  14858  14899  14956  15095  15127  15128  15184  15190  15196  15223  15318  15398  15448  15496  15512 15513 determined were assigned to lineage I, II, and IV. There were two haplotypes in lineage I (Ia and Iy) and II (IIb and IIn), and one in lineage IV (IVl). The haplotype nomenclature for the newly identified haplotypes was modeled on Lenk et al. (1999) , Fritz et al. (2007 Fritz et al. ( , 2009 and Velo-Antón et al. (2011) .
Variable positions
The results indicated that all turtles from EP, NEP, CP, a single specimen from SEP, and five of 31 individuals from WP (Karpicko, Rybocice) represented the same haplotype Ia. The remaining four types of sequences obtained for the cytb gene were identified within the WP population (Fig. 2) . Most of the individuals tested within this population (22/31 individuals) represented lineage II and haplotype IIb. The remaining three haplotypes (Iy, IIn and IVl) matched none of the previously described sequences of the cytb gene identified in other parts of the species range. The cytb gene sequence of one of the turtles studied differed in one position with haplotype Ia (Drzeczkowo -haplotype Iy). Sequences obtained for the two individuals from WP belonged to haplotype IVl. According to the network, the haplotype IVl is derived from the haplotype IVa. Finally, the last haplotype (IIn) was represented by one turtle and differed in two positions with haplotype IIb of Lenk et al. (1999) .
The results of this study indicated haplotype ho- mogeneity among the pond turtle populations from eastern Poland, but the opposite was recorded in WP. The occurrence of individuals belonging to haplotype lineage I (haplotypes Ia and Iy) in WP might have resulted either from the introduction of individuals or uncontrolled release and/or escape in years past. Two relocating activities are at least known. Thus, the turtles from WP, especially three individuals from the vicinity of the Oder River bearing haplotype Ia could represent introduction from the Mazury district or adjacent countries (Russia, Ukraine) prior to World War II (Fritz 2003; Schneeweiß 2003) . It is also possible that it stemmed from later displacement from Polesie in eastern Poland (Najbar 2008) . Thus far in Poland, various efforts have been undertaken to increase the populations of European pond turtles in areas where they are threatened with extinction including resettlements from Polesie (from the area of Sobibór, eastern Poland) for relocation in western Poland. In the 1999-2001 period, more than ninety individuals were introduced to the areas of Lower Silesia and Pomerania (Najbar 2008) . Considering the Holocene range expansion routes of the European pond turtle from two distinct glacial refuges (haplotype IIb from the southeastern Balkans and haplotype Ia from the eastern Black Sea region - Lenk et al. 1999; Hewitt 2000; Sommer et al. 2007 ) the existence of a natural contact zone in western Poland for turtles harboring these two haplotypes is rather unlikely. It is also worth noting that the most northwestern Polish subfossil specimen of European pond turtle bearing haplotype Ia was recorded inŻu lawka Ma la in the Wielkopolska district (Sommer et al. 2009 ) that is about 140 km north of the Drzeczkowo sampling area and about 130 km northeast of the Karpicko sampling area. In the present study, the turtles from these two locations in western Poland were assigned to lineage I. Thus, these individuals might represent the western range boundary of lineage Ia in Poland, while the relic population belonging to haplotype IIb is distributed mainly in the catchment area of the Oder River. The origin of two individuals from WP bearing haplotype IVl is even more enigmatic. Lineage IV (E. o. hellenica Valenciennes in Bibron & Bory de SaintVincent, 1832) inhabits regions along the Adriatic coast and the Greek islands (Lenk et al. 1999) . Turtles belonging to lineage IVa were identified in Brandenburg, Germany which borders western Poland (Fritz et al. 2004 ). Friedel (1868) reports turtles being introduced from the Gulf of Venice in Brandenburg in the nineteenth century. At that time, the territory of westernmost, present-day Poland was within the borders of the Kingdom of Prussia. Interestingly, the two individuals from WP with haplotype IVl did not diverged in terms of morphological characteristics (carapace and plastron coloration, the distribution of spots and morphometric measurements -Najbar, unpubl. data) from other turtles in this area. Both individuals had dark coloration, which is characteristic for the northern populations of E. orbicularis (Fritz 2003) . As has been shown (Lenk et al. 1999; Fritz 2003) , the morphological differentiation of E. orbicularis is correlated with the genetic differentiation of mtDNA lineages. Since only maternal lines were analyzed, it is also likely that the northern phenotype could have resulted from the mating of a female belonging to lineage IV and a native male with haplotype IIb in previous generations. In subsequent mating the maternal hellenica haplotype might have been passed on, but offspring exhibited the phenotype of the native ancestor. Representatives of allochthonous turtles (E. o. hellenica and the red-eared slider, Trachemys scripta elegans Wied-Neuwied, 1839) in western Poland have been reported previously based on morphological characteristics (Najbar & Szuszkiewicz 2006) . In some habitats they were found together with E. o. orbicularis (Najbar 2001b) .
Earlier studies have indicated the distinctiveness of turtles from eastern and western Poland. Poschadel & Parzefall (2003) studied the mtDNA control region which suggested significant genetic differences between the western (Lubuskie lake district) and eastern (Mazury and Radom district) Polish populations. Moreover, Fritz (2003) designated the two lines of nominotypical subspecies of pond turtle named "E. o. orbicularis I" and "E. o. orbicularis II". The results of the present research constitute the first fine-scale comprehensive analysis of the Polish populations of E. orbicularis. Although five haplotypes belonging to three mitochondrial lineages were identified, the majority of Polish pond turtles exhibited haplotypes endemic to the territory of Poland. Four populations (EP, NEP, CP, SEP) represent homogenous groups of "E. o. orbicularis I" (eastern population) with turtles all bearing haplotype Ia. The population from WP is the only one with haplotype heterogeneity where three distinct mtDNA lineages were identified.
The results indicated that the Polish populations of E. orbicularis are largely native, and this is unique when compared to populations in other countries. Studies of adjacent German populations (Fritz et al. 2004; Velo-Antón et al. 2011 ) demonstrated that only turtles from a few locations have haplotype IIb, which is endemic to those areas. The majority of German turtles belonged to five other lineages that are specific to other regions of the geographic range of the species. The results of the present study argue for strict genetic monitoring of the turtles used in future reintroduction projects, in order to prevent additional genetic pollution of native populations.
